Jackfruit seeds are an under-utilized waste product in many tropical countries. In this 20 work, we demonstrate the potential of roasted jackfruit seeds to substitute for cocoa 21 powder in cappuccino formulations. Two different flours were produced from a hard variety 22 31 for six cappuccino preparations. In fact, dry jackfruit seed flour is an innovative cocoa powder 32 substitute; it could be used in food preparations, consequently utilizing this tropical fruit waste 33 by incorporating it as an ingredient in a common product of the human diet. 34 
jackfruit by drying or fermenting the seeds prior to roasting. Next, seven formulations were 23 prepared with 50%, 75%, and 100% substitution of cocoa powder with jackfruit seed flours. 24 The acceptance of cappuccinos by consumers (n=126) and quantitative descriptive analysis 25 (QDA®) were used to describe the preparations. Physicochemical proprieties were also 26 evaluated. When 50% and 75% cocoa powder was replaced with dry jackfruit seed flour, there 27 was no change in sensory acceptability or technological proprieties; however, it is possible 28 identify advantages to using dry jackfruit seed flour, including moisture reduction and high 29 wettability, solubility and sensory acceptation of the chocolate aroma. The principal component 30 analysis of QDA® explained 90% variances; cluster analysis enabled the definition of four groups 1. Introduction 37 Jackfruit (Artocarpus heterophyllus Lam.) is a syncarp native to India, that is present in 38 tropical regions and composed of stuffs pulp and seeds (1). Ripe jackfruits are large, with 39 weights ranging from 2 to 36 kg; seeds represent 18%-25% the fruit weight (2). Generally, 40 jackfruit is eaten raw and processed (canned juice and leather), and seeds are eaten after 41 boiling, steaming and roasting (2,3). However, jackfruit is still underused due to seasonality, 42 difficulty in logistics and conservation, and low consummation due to a high sensory intensity of 43 taste and aroma in addition to an association of jackfruit with poor communities. Thus, jackfruit 44 is seldom added to other products. 45 Jackfruit seeds are a source of fiber, potassium, calcium and sodium (3, 4) . In recent 46 years, jackfruit seeds gained the attention of researchers as an alternative source of starch and 47 protein that can be industrially exploited (2, 3, 5) . In addition, roasting jackfruit seeds (after 48 drying and/or fermentation processes) produced changes in the aroma sensory profile that 49 resulted in an agreeable chocolate aroma. The main final volatile composition in jackfruit seeds 50 included pyrazines, Strecker aldehydes, alcohols, esters and furanes (6). 51 Jackfruit seed flour has the added advantage of less calories than cocoa due to the lower 52 lipid compositions of jackfruit seeds (0.7%-2.2%) compared to Forastero cocoa beans (53%-53 39%) (7, 8) . Recently, the price of cocoa has climbed, so there is an incentive in the food 54 industry to find a cocoa substitute (9). In addition, the estimates of cocoa beans demand by 55 2020 is large; however, production is not expected to grow significantly in the next 10 years 56 (10). 57 Generally, studies with cocoa substitutes formulate chocolate with milk (11-13). 58 Cappuccino is a potential product that uses milk as an ingredient because consumers expect a 59 chocolate aroma without strong chocolate taste. This study characterized and developed a food 4 60 application for jackfruit seed flour and consequentially, utilizes this tropical fruit waste by 61 incorporating it as an ingredient in a common product of the human diet. 62 15% to cocoa powder, three products that replaced cocoa powder with 3.75%, 7.5% and 78 11.25% for dry jackfruit seed flour and three others uses fermented flour in the same 79 perceptual ( Fig. 1A) . 80 This is the Fig. 1A . Title. Cappuccino formulations.
Materials and

81
This is the Fig. 1A . legend. Control: produced with 15% cocoa powder; dry jackfruit seed flours 82 (D); and fermented jackfruit seed flours (F). Proportions with 50%, 75% and 100% substitution.
83
Commercial: Melitta ® powder for traditional cappuccino formulation. 
96
Solubility was determined based on the method used by (5) by weighing 0.1 g 97 cappuccino formulations into weighed centrifuge tubes and adding 10 mL of distilled water. The 98 suspension was stirred and placed in a water bath for 20 min at 80°C, and then the tubes were 99 centrifuged (NT 825) for at 25°C for 15 min at 4420 rpm. An aliquot (5 mL) was transferred from 100 the supernatant to a Petri dish and placed on the stove at 105°C for 24 h to determine the 101 weight of the solid. The solubility was determined by Eqn 2: Each attribute was provided, together with definitions and physical references using 132 formulated cappuccinos, similar to commercial and cappuccinos added to jackfruit seed flours 133 ( Fig. 1B) . 134 This is the Fig. 1B 75% produced formulations with the same yellowness (b*) as the control, but the clearest were 171 observed with Hue results ( Table 2 ). The commercial standard was the clearest (low L*, chrome 172 and Hue) ( Table 2 and Fig. 1A) . 173 Other evidence of similar color was related by consumers, because they not only found 174 appearance modifications between preparations (p≤0.05), but the values indicated greater 175 acceptability, with scores higher than seven (Table 2 ). In fact, cappuccino color did not change 176 the sensory acceptation.
177
The dry jackfruit seed flour utilization with 50% and 75% substitution improved the 178 aroma and cappuccino acceptability. However, fermented flour used for 75% and 100% cocoa 179 powder substitution reduced the aroma acceptability ( Table 2 ). The taste was still similar to the 180 control using dry jackfruit seed flour (p≤0.05), but fermented flour reduced the acceptance of 181 taste ( Table 2 ). The overall impression was still equal to the control when dry jackfruit seed 182 flour was used (p≤0.05). 185 In the CORR analysis, based on the method of (22) correlated with gritex (Fig. 2) . 196 This is the Fig. 2 separate the groups (dotted circles) shown in the projection of observations (Fig. 2B ).
Correlation analysis (CORR)
212
Generally, treatments D100 and F100, received the lowest scores compared to other groups 213 (D50-D75 and F50-F75). In F75 group, low coffee, cappuccino and cinnamon aromas and 214 chocolate and cappuccino tastes were noted. The appearance was light brown, and the 215 fermented tastes and aromas were more evident. The group formed by D50 and D75 had high 216 caparo, captas, choaro, chotas, cinaro and cofaro. Formulated cappuccinos have aW similar to that found by (13) when they developed 236 milk beverages with some varieties of carob powder. The values of aW were between 0.29 and 237 0.41. However, (25) identified 20% higher aW using carob powder, and moisture was three 238 times larger in comparison to cappuccinos: 9.6% and 9.0% for carob and cupuassu, respectively.
239
These are technological advantages because they reduce potential microorganism proliferation 240 and change compaction and mechanical proprieties (26).
241
The low wettability in the cappuccino control was influenced by high cocoa concentration 242 (27), and this value was compatible to (11). Cappuccino formulations had higher wettability, 243 which predisposed for higher levels of solubility, probably because cocoa beans have ten times 14 244 more lipids than jackfruit seeds. On effect, cappuccinos with jackfruit seeds are similar or better 245 than other natural substitutes currently in use (carob and cupuassu). The dark brown color in jackfruit seeds was produced by the Maillard reaction, also 248 typical in cocoa nibs due to ideal roasting conditions, reducing sugars and amino groups 249 (7, 8, 28) . In this study, it was independent of the fermentation process. The color in cappuccinos 250 with jackfruit seeds did not change the sensory acceptance; thus, cappuccino formulations with 251 jackfruit seeds flour had compatible or better color in comparison to control and commercial 252 cappuccinos, which is also another indication of the high quality of this natural cocoa substitute 253 sample.
254
These results demonstrated the innovate potential of dry jackfruit seeds as a cocoa 255 powder replacer. Carob and cupuassu are established substitutes for cocoa powder; however, 256 when it was used in milk beverages, the sensory acceptation was reduced (11, 12) . Before this 257 study, the low acceptability of cocoa substitutes was justified due to low lipid concentrations, 258 but jackfruit seeds also have low lipids and do not reduce the consumer acceptance when 259 substituted for 50% or 75% cocoa powder. Most likely, the pH reduction in cappuccino using 260 fermented flours (75% and 100% substitution) improved sour and moldy tastes; this changed 261 the acceptability significantly (p≤0.05) for taste, aroma and overall impression. The choaro was higher in F100, which is possible because the fermentation process 273 improves volatile compounds, such as pyrazines and esters (6), and because dark color is 274 generally associated with high chocolate concentration, meaning that broapp was great in 275 F100. However, the high values for feraro and fertas in F100 produced an over-taste not 276 characteristic of cappuccinos; thus D100 received more caparo and chotas in comparison to 277 F100, even when D100 was less soluble. 278 The other group for CA corresponding to F50 and F75 was characterized as little gritex, 279 caparo, cofaro and chotas; medium cinaro and higher capta, browapp, choaro, fertas and 280 feraro. Thus, even the high chocolate aroma of the characteristic cappuccino aroma was 281 reduced because other fermented flavors were found; these flavors were not expected in 282 cappuccino preparations. The recognized food was related to the construction of different 283 sensory systems to name foods or first to cause our survival (29). To minimize the fermented 284 flavor, appropriate amounts of flavors could be produced depending on fermentation 285 conditions. For example, the mode of fermentation, natural or inoculate, which is usual for 286 cocoa beans (8, 30) . In fact, better standardization of the chocolate fermentation process could 287 be generate a chocolate with different sensory characteristics (31). Thus, future studies will 288 know the flavor characteristics of jackfruit seeds using inoculated cultures of microorganisms. 289
Conclusions
290
Dry jackfruit seed flour can be incorporated as an ingredient in cappuccino formulations; 291 50% and 75% substitution of cocoa powder by dry jackfruit seed flour did not change sensory 16 292 acceptability or characteristics. Fermented attributes were not characteristic of cappuccinos, 293 but they improved the chocolate aroma. The primary characteristics responsible for the 294 character of cappuccinos with dry jackfruit seeds were cappuccino, chocolate, cinnamon and 295 coffee aromas, and cappuccino and chocolate tastes.
